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Open access under the ElsNitric oxide (NO) is involved in many physiological processes, such as blood pressure control, neurotrans-
mission, inhibition of platelet and neutrophil adherence, and the ability to kill tumor cells and parasites.
The indirect determination of NO can be made by detection of 3-nitrotyrosine (3-NT) residues. The aim of
this study was to measure the concentration of 3-NT in the brain of rats experimentally infected with
Trypanosoma evansi. Twenty-four were inoculated intraperitoneally with cryopreserved blood containing
1  106 trypomastigotes per animal. Twenty-four animals were used as negative controls and received
0.2 mL of saline by the same route. The experimental groups (group C and T) were established according
to the time after infection and the degree of parasitemia as follows: four control subgroups (C3, C5, C10
and C20) with six non-inoculated animals each and four test subgroups (T3, T5, T10 and T20) with six
animals infected with T. evansi in each group. The animals were anesthetized with isoﬂurane and subse-
quently euthanized at the days 3 (C3, T3), 5 (C5, T5), 10 (C10, T10) and 20 (C20, T20) post-infection (PI).
The brain was removed and dissected into cerebellum, cerebral cortex, striatum and hippocampus. Con-
centration of 3-NT in the brain was determined by Slot blot technique. At the day 3 PI no changes were
observed in the concentration of 3-NT among the groups. There was a signiﬁcant reduction (p < 0.05) of
3-NT concentration in the striatum and cerebellum at the days 5 and 10 PI, respectively. At the day 20 PI a
signiﬁcant increase (p < 0.05) of 3-NT was observed in the cerebellum, cerebral cortex and hippocampus
from the infected animals. Therefore, T. evansi infection caused changes in the concentrations of 3-NT in
the central nervous system (CNS), which may be related to clinical signs and infection management.
 2011 Elsevier Inc. Open access under the Elsevier OA license. 1. Introduction
Trypanosoma evansi is a ﬂagellate protozoan that can infect dif-
ferent species of animals. The main clinical signs include fever,
anemia, weight loss, lethargy, swelling of the hind limbs and
hemostatic abnormalities (Silva et al., 2002). In the ﬁnal stage of
disease, infection can cause neurological disorders in horses and
cattle such as imbalance, incoordination and paralysis of hind
limbs. As a result, the disease in horses is known as ‘‘Mal das cade-
iras’’ or ‘‘Surra’’ (Silva et al., 2002; Rodrigues et al., 2005). Ataxia,
tremor and terminal coma (Wolkmer et al., 2009) have been de-
scribed in rats infected with the parasite. The cause of these often
irreversible neurological and motor disorders, are not well under-
stood. In cats infected with T. evansi, nervous and locomotoreterinary Clinical Analysis –
ent of Small Animal Clinical
).
evier OA license. changes were reported, however histological lesions were not ob-
served in these animals (Da Silva et al., 2010). Our research group
has linked neurological and motor alterations to changes in con-
centrations of neurotransmitter and neuromodulator such as aden-
osine and acetylcholine in the central nervous system (CNS) (Da
Silva et al., 2011a,b).
Nitric oxide (NO) is involved in many physiological processes,
such as blood pressure control (by its relaxing effect on smooth
muscle), neurotransmission, inhibition of platelet and neutrophil
adherence, and ability to kill tumor cells and parasites (Dusse
et al., 2000; Filho and Zilberstein, 2000). As a potent neurotrans-
mitter in the CNS, NO is involved in the learning and memory,
and glutamate mediates the release of NO from its receptor
N-methyl-D-aspartate (NMDA). This free radical is synthesized by
a group of isoenzymes called nitric oxide synthases (NOS) through
enzymatic catalysis of the amino acid L-arginine, resulting in the
formation of L-citrulline and NO (Duncan, 2003).
There are three known isoforms, two are constitutive (c-NOS)
and one is inducible (i-NOS). Neuronal NOS (n-NOS) produces NO
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NOS (e-NOS) is present in the endothelial cells and is calcium-
dependent (Ca2+). Inducible-NOS (i-NOS) is not Ca2+-dependent, it
is produced by macrophages and other cells when activated by
pro-inﬂammatory cytokines, induced during immune and inﬂam-
matory processes (Dusse et al., 2000; Filho and Zilberstein, 2000).
In the nervous system, in addition to n-NOS, the isoforms e-NOS
and i-NOS are also present and participate in physiological and
pathological conditions in CNS (Schuman and Madison, 1994).
Excessive production of NO can activate microglia cells to pro-
duce i-NOS, leading to neurotoxicity (Filho and Zilberstein, 2000).
Increased synthesis of NO was observed in the brain of mice exper-
imentally infected with Trypanosoma brucei, suggesting that neuro-
logical signs may be due to cytotoxicity of NO and its derivatives,
principally peroxynitrite (ONOO–), the latter resulting from the
interaction of NO and superoxide anion (O2 ) (Keita et al., 2000).
An indirect determination of NO can be made by the detection of
3-nitrotyrosine (3-NT) residues, formed the reaction peroxynitrite
of with the phenol group of tyrosine. It is believed that ONOO– is
produced by inﬂammatory cells to defend against infection caused
by parasites, viruses and bacteria, but at the same time it can cause
damage to host cells and tissues. Nitration of the tyrosine to 3-NT
is reported as a reliable index of damage caused by ONOO– (Dun-
can, 2003).
Considering the nerve and motor pathologies already reported
for infections with T. evansi (Rodrigues et al., 2009) and the role
of cerebral NO in neurotransmission and inﬂammatory processes,
it was considered appropriate to investigate 3-NT levels in differ-
ent regions of the brain in rats experimentally infected with T.
evansi, seeking a better understanding of the pathogenesis of clin-
ical disease.2. Material and methods
2.1. Experimental animals
Forty-eight Wistar rats (Rattus norvegicus; 230–270 g) were
housed in a room with controlled temperature (23 C) and relative
humidity (70%), fed with commercial rat pellets and allowed con-
tinuous access to water. The study was approved by the Committee
of Ethics and Animal Welfare of the Rural Science Center of the
Federal University of Santa Maria (CCR/UFSM), No.
23081.014568/2009-05 in accordance with existing legislation
and the Ethical Principles published by the Brazilian College of Ani-
mal Experiments (COBEA).
2.2. Groups and trypanosome infection
Twenty-four rats were inoculated intraperitoneally with cryo-
preserved blood containing 1  106 trypomastigotes per animal
(Group T). The strain of T. evansi was obtained from a naturally in-
fected dog (Colpo et al., 2005), and maintained cryopreserved in
the laboratory. Parasites were thawed and the number of trypano-
somes per mL was determined using an hemocytometer under
light microscopy. Control animals (24 rats) received 0.2 mL of sal-
ine by the same route (Group C). Each group was further divided
into four subgroups of six animals, according to the day of infec-
tion: uninfected group (C3, C5, C10 and C20) and the infected
group with T. evansi (T3, T5, T10 and T20).
2.3. Estimate of parasitemia in group T
The degree of parasitemia was determined daily by blood ﬁlm
examination. A drop of blood was collected from the tail vein
and a thin blood smear was prepared manually. Blood ﬁlms wereRomanovsky stained and then examined under light microscopy,
counting 10 ﬁelds at 1000 magniﬁcation. The results were pre-
sented in number of parasites/High Power Field (HPF).
2.4. Tissue processing for neurochemical analyses
Rats were anesthetized with isoﬂurane in an anesthetic cham-
ber and then euthanased. The brains were removed and cerebel-
lum, cerebral cortex, striatum and hippocampus were dissected
on an inverted ice-cold Petri dish and homogenized in cold
10 mM Tris–HCl buffer (pH 7.4) containing 0.5 mM EDTA and
320 mM sucrose. The homogenized tissue was then divided into
aliquots for subsequent neurochemical analysis.
2.5. 3-Nitrotyrosine determination by Slot blot
3-Nitrotyrosine immunoreactivity is a marker of oxidative NO
damage and was determined as previously described by Joshi
et al. (2006). Brieﬂy, 5 lL of sample (normalized to 4 lg mL1),
5 lL of 12% SDS and 5 lL of modiﬁed Laemmli buffer containing
0.125 M Tris base pH 6.8%, 4% (v/v) SDS, and 20% (v/v) glycerol
were incubated for 20 min at room temperature. Membranes were
developed as described by Joshi et al. (2006) except that a 1:2000
dilution of anti-3-NT polyclonal antibody was used. Blots were
dried, scanned with Adobe Photoshop and quantiﬁed with Scion
Image (PC version of Macintosh compatible NIH image). The 3-
NT blot had a faint background that was corrected in image
analysis.
2.6. Statistical analysis
The results were subjected to analysis of variance (ANOVA) and
means were compared by Student’s t-test. Values with probability
(p) less than 5% were considered statistically different.
3. Results
3.1. Parasitemia and clinical course of infection
T. evansiwas detected in the blood of all infected rats from 24 to
72 h after inoculation. Parasitemia levels increased progressively in
almost all animals until day 5 PI, when a peak (mean of 62 trypan-
osomes/HPF) was observed. After day 6 PI, the remaining rats in
subgroups T10 and T20 showed a reduction in parasitemia, which
oscillated from 0 to 5 parasites/HPF until day 20 PI.
At the time of sample collection, the parasitemia of the rats
showed an average of 28 ± 5.4 trypanosomes/HPF on day 3 PI
(T3), 54 ± 12.8 trypanosomes/HPF on day 5 PI (T5), 2.2 ± 1.4 try-
panosomes/HPF on day 10 PI (T10) and 1.1 ± 0.9 trypanosomes/
HPF on day 20 PI (T20). Animals from subgroup T5 showed prostra-
tion. Control animals remained clinically healthy throughout the
entire experimental period.
3.2. 3-Nitrotyrosine (3-NT)
Variations in 3-NT concentrations were observed in the differ-
ent brain structures (Fig. 1). At the day 3 PI no differences were ob-
served between infected and uninfected groups. The 3-NT
concentration decreased (p = 0.02) signiﬁcantly in striatum (day 5
PI) of infected animals (Fig. 1A). A signiﬁcant (p = 0.04) decrease
of 3-NT was also observed in the cerebellum of infected animals
on day 10 PI (Fig. 1B). On day 20 PI, 3-NT levels increased
(p < 0.05) in the cerebellum (Fig. 1B), cerebral cortex (Fig. 1C)
and hippocampus (Fig. 1D) of infected compared to uninfected
animals.
Fig. 1. Rats experimentally infected with T. evansi compared to uninfected animals. 3-Nitrotyrosine concentration in the striatum (A), cerebellum (B), cerebral cortex (C) and
hippocampus (D) at the days 3, 5, 10 and 20 post-infection (⁄ANOVA, t-test, n = 6).
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Prostration is a clinical ﬁnding usually described in animals in-
fected with T. evansi. and without treatment, can lead to death
within weeks or months (Conrado et al., 2005; Franciscato et al.,
2007). In this study, we observed prostration in animals in sub-
group T5. Rats are highly susceptible to T. evansi, showing hemato-
logical and biochemical changes associated with ataxia, tremors
and terminal coma (Wolkmer et al., 2009); however, these neuro-
logical signs were not observed in the infected animals in this
study, probably because the parasitemia was considerably lower
than in previous studies of our research group (Wolkmer et al.,
2009; Da Silva et al., 2011a,b). It is noteworthy that although there
were no evident neurological signs, variation in 3-NT levels oc-
curred in different brain structures during the experiment.
NO is considered an important neurotransmitter, due to its high
diffusion, which allows it to penetrate the cell cytoplasm directly,
without need for membrane receptors, leading to quick and accu-
rate responses. There is evidence that NO could mediate neuronal
plasticity, participating in the mechanisms of development and
storage of information (Shibuki and Okada, 1991; Schuman and
Madison, 1994; Son et al., 1996). Rats infected with T. evansi
showed a signiﬁcant reduction in 3-NT levels in the striatum and
cerebellum; and a tendency to decrease (p = 0.062) in the hippo-
campus at day 10 PI was also observed. It is known that the hippo-
campus is related to memory function, and in behavioral tests of
rats infected with T. evansi, performed by our research group,
memory impairment was observed (data not-shown). This may
be related to the reduction of 3-NT. A possible explanation for re-
duced 3-NT levels in animals from T5 may be the high number of
circulating parasites, which are calcium-dependent (Portillo et al.,2010). Calcium is also important in the activation of NO produc-
tion, through n-NOS pathway. This consumption of calcium by
the parasite could interfere with NO production in the host, result-
ing in the reduction of 3-NT observed in this experiment.
The cerebellar levels of 3-nitrotyrosine (3-NT) are also consid-
ered a relatively speciﬁc marker of oxidative damage mediated
by peroxynitrite, which is formed by the reaction of superoxide
with NO on tyrosine residues in proteins (Beckman and Koppenol,
1996). Reduction of 3-NT in the striatum and cerebellum at the
ﬁrst 10 days PI may be a consequence of the pathogenesis of the
disease in the acute phase (high parasitemia). These results are
in agreement with previous results of, our research group in which
lipid peroxidation in the brain of infected animals was increased
(Da Silva et al., 2011a). Therefore, based on the results of this study
we could suggest an absence of oxidative damage in the initial
phase of trypanosomosis, although T. evansi is present in the brain
(Da Silva et al., 2011a,b). It is noteworthy that rats infected with T.
evansi have increased activity of antioxidant enzymes (Omer et al.,
2007), which may reduce oxidative damage. On the other hand,
there was an increase of the 3-NT at day 20 PI, which demonstrates
that the evolution of disease caused oxidative damage. Redox
imbalance can damage many biological molecules: indeed, pro-
teins and DNA are often more signiﬁcant targets of injury than
are lipids, and lipid peroxidation often occurs late in the injury pro-
cess (Halliwell and Chirico) 1993).
Cytotoxicity of NO may be due to its ability to generate ONOO–,
initiating a variety of oxidative reactions, including modiﬁcations
of nucleic acids, lipids and proteins. Peroxynitrite has been pro-
posed as an important pathophysiological effector of tissue injury,
mediating many of the cytotoxic effects previously attributed to
NO. It is known that peroxynitrites cause the nitration of tyrosine
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study an increase of 3-NT was observed in different brain regions
at the day 20 PI. This increase can be attributed to the inﬂamma-
tory process induced by the parasite, in which macrophages begin
to synthesize i-NOS. This isoform is able to produce NO for long
periods and is possibly involved in different pathological processes
(Filho and Zilberstein, 2000).
The increased NO synthesis in the CNS of mice infected with T.
brucei showed a deleterious role for NO, through the formation of
ONOO–, in the pathogenesis of African CNS trypanosomosis. The
detection of ONOO– in the brain parenchyma was increased in
mice that showed neurological disorders. This observation sug-
gests that ONOO– might be involved not only in the pathogenesis
of brain lesions but also in the appearance of neurological disor-
ders in T. brucei infection (Keita et al., 2000). Similar results ob-
tained by Bombeiro et al. (2010) in mice experimentally infected
with Trypanosoma cruzi showed over production of NO, which con-
tributed to the neurodegenerative process. Probably, changes in
levels of NO reported in infections with T. cruzi and T. brucei
(chronic disease) could also occur in rats infected with T. evansi, be-
cause as noted in this study levels of 3-NT increased considerably
with chronicity of disease.
Studies have shown that pro-inﬂammatory cytokines such as
IFN-c, TNF-a and IL-1 induces the transcription of i-NOS in macro-
phages, including microglia and astrocytes (Nathan, 1992). Using
the same experimental model as this study, our research group
found a progressive increase of pro-inﬂammatory cytokines (IFN-
c, TNF-a, IL-1 and IL-6) in the serum of rats infected with T. evansi
(Paim et al., in press). Thus, it may suggest that these cytokines are
involved in increased cerebral NO synthesis, since the parasite pen-
etrates the blood brain barrier in the early stages of infection (Da
Silva et al., 2011a,b).
NO is a diffusible messenger produced by the reaction of L-argi-
nine with different isoforms of nitric oxide synthases (NOS).
Researchers showed that in mice infected with T. cruzi INF-c inhib-
its in vivo and in vitro replication of the parasite, through the induc-
tion of NO synthesis by activated macrophages (Holscher et al.,
1998). Studies in mice infected with T. cruzi and i-NOS deﬁcient
showed increased parasitemia and mortality, suggesting that the
control of T. cruzi infection depends not only on the capacity to pro-
duce NO, but also on its metabolic fate, including the generation of
peroxynitrite or other nitrating species that may constitute an
important element in parasite resistance and collateral myocardial
damage (Naviliat et al., 2005; Borges et al., 2009). In the present
study, the increase in 3-NT on day 20 PI in most brain regions
was concomitant with the reduction of parasitemia; therefore we
can suggest an action of NO in control of infection by T. evansi in
rats.
Based on these results we conclude that the infection with T.
evansi causes changes in the concentrations of protein 3-NT in
the CNS. We believe that the increase of 3-NT may be related to
inﬂammation and control of parasitemia at low levels, prolonging
the live of rats and chronicity the infection.
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